Abstract. This paper studied the relationship between the real exchange rate and total factor productivity growth of some developing countries in Asia. To study the relationship different methodologies related to the panel data analyses are discussed in this study. We have used fixed effect analysis, robust regression, bootstrapping regression model and difference generalized method of moment estimation in our study. Panel data suggests that individuals, firms, states or countries are heterogeneous. To incorporate the country specific heterogeneity, fixed effect regression model and difference generalized method of moment estimation has been used. According to the country fixed effect model, it has been found that 10 percent depreciation of the real exchange rate is associated with a 0.10 percent increase in the average annual productivity growth rate that is, an increase in the value of real exchange rate. By using the generalized method of moment estimation it is found that 10 percent depreciation of the real exchange rate is associated with a 0.15 to 0.18 percent increase of the average annual growth rate. After analyzing the sectoral composition of output, this study showed that 10 percent depreciation of the real exchange rate is associated with a 0.5 percent increase in the average industries shares of GDP and 0.4 percent increase in the average manufacturing shares of GDP.
Introduction
Enormous evidence exists that total factor productivity (TFP) is an important determinant of economic fluctuations, economic growth, and per capita income differences across countries. It provides a more complete indicator of the economic efficiency of an industry. Total factor productivity is computed by subtracting the growth contributions of all inputs from the growth of output, so it reflects anything that causes output to grow faster than the combined growth of all inputs. The theoretical analysis of the relationship between real exchange rate and productivity suggests a double direction link. The real exchange rate acts on productivity and on the other hand productivity affects the real exchange rate. In the first case, real exchange rate appreciation can act positively or negatively on productivity. We want to observe the impact of real exchange rate on Productivity growth of 12 Asian developing countries. McLeod and Mileva [4] showed the dynamic relationship between real exchange rate and productivity growth over the period 1975-2004 of 58 countries. They showed that 10% real depreciation of the exchange rate leads to about 0.2% increase in the average annual total factor productivity growth rate. Kakkar and Yan [15] examined the evidence of a productivity based explanation of the long run real exchange rate movements of six Asian (Hong Kong, Indonesia, Korea, Malaysia, Singapore, and Thailand) economies. They found that the real exchange rates are co-integrated with a weighted average of the home and foreign sectoral TFP differentials. Diallo [1] studied the link between real effective exchange rate volatility and total factor productivity growth on a sample of 74 countries of six non overlapping sub-periods spanning from 1975 to 2004 and found the real effective exchange rate volatility affects negatively total factor of productivity growth. The main objectives of this paper is to find out the relationship between real exchange rate (RER) and productivity growth among the developing countries in Asia using different model. We also observe the robust relationship between RER and productivity. We find out the impact of real exchange rate onsectoral (Manufacturing, industries, agriculture, and services) composition. To eliminate the potential bias caused by omitted heterogeneity in the fixed effects, or within, estimator dynamic panel estimate of Generalized Method of Moment (GMM) estimation are obtained. For obtaining efficient estimators that account for the serial correlation Arellano-Bond [8] difference GMM and Blundell-Bond [10, 11] system GMM estimation performed.
Materials and methods

Data description
Panel data are conducted in this study as a form of longitudinal data, where observations on cross-section units are regularly repeated. The sample of study includes 12 countries: Bangladesh, Cyprus, India, Iran, Israel, Indonesia, Jordan, Malaysia, Pakistan, Philippines, Sri Lanka, and Thailand. The choice of the sample is based on the availability of data (period 1980 to 2009) from Asian developing countries on the basis of Gross Domestic Product (GDP) growth rate (which is 5.0-7.5). To get rid of cyclical fluctuations and focus on middle and long term relations all observations, the averages over five years have been calculated. We use the constant base year 2000. Comparing the base year we calculate all of the variables. The variable real exchange rate obtained from the estimate of McLeod and Meliva [4] . The total factor of productivity for the years from 1980 to 1990 is taken from an updated version of the Bosworth and Collins [2, 3] dataset. The remaining years are taken from the Conference Board Total Economy Database [14] . The remaining variables are obtained from the World Development Indicators (WDI) database [16] . The main variables of our study are Total Factor of Productivity (TFP), Real Exchange Rate(RER), Gross Domestic Product (GDP), Purchasing Power Parity GDP (PPPGDP), Initial real PPPGDP per capita, Secondary School Enrollment (SSE), Manufacturing (Share of GDP), Imports, Exports, Openness, Government Consumption percentage share of GDP, Services percentage share of GDP, Domestic Investment percentage share of GDP, Agriculture percentage share of GDP, Domestic Credit to Private Sector change in GDP share. The initial real GDP per capita An Econometric Analysis of Real Exchange Rate and Productivity Growth of some Developing Countries in Asia calculated by taking natural log of real PPP GDP per capita in the first year of each fiveyear period [6] and the Openness is defined as the ratio of the sum of exports and imports to PPPGDP. Total factor productivity is the best expression of the efficiency of economic production and the prospects for longer term increases in output. Higher total factor productivity indicates better level of technology, higher per worker capital, and larger returns.
The real exchange rate is the price level adjusted exchange rate. Real exchange rates are calculated as a nominal exchange rate adjusted for the different rates of inflation between the two currencies. The real exchange rate can be defined as,
where, E is the nominal domestic currency price of foreign currency, * P is the foreign price level and P is the domestic price level. α to be a group specific constant term in the regression model. It should be noted that the term fixed is used here indicates that the term does not vary over time, not that it is non-stochastic, where it X contain observable variables that change across t but not i , variables that change across i but not t , and variables that change across i and t .
Fixed effect model
First differencing method
The differencing method used to eliminate the unobserved effect. Lagging on time t the fixed effect model from equation (1) we get,
By the definition of first difference we have
As with the fixed effect transformation, this first differencing transformation eliminates the unobserved effect i α .In differencing we lose the first time period for each cross section so we have ( ) 
Generalized method of moment (GMM) estimation
When we analyze the fixed effects estimator, the standard assumptions are that the timevarying errors have zero means, constant variances and zero correlations, all conditional on the observed history of the covariates and on the unobserved effect. If either heteroscedasticity or serial correlation is present, a generalized method of moment's procedure can be more efficient than the fixed effect estimator. Another leading application of generalized method of moments in panel data contexts is when a model contains a lagged Arellano Bond GMM estimator. It is the estimator designed for situations with 1) "small T , large N " panels, meaning few time periods and many individuals; 2) a linear functional relationship; 3) one left-hand-side variable that is dynamic, depending on its own past realizations; 4) independent variables that are not strictly exogenous, meaning they are correlated with past and possibly current realizations of the error; 5) fixed individual effects; and 6) heteroskedasticity and autocorrelation within individuals but not across them. Arellano Bond estimation starts by transforming all regressor, usually by differencing, and uses the generalized method of moments [7] , and is called deference generalized method of moment.
Consider the simple model without exogenous regressor
Anderson and Hsiao [13] showed that instrumental variable procedures consistent estimates when T is fixed based on first difference model transformation. The 
If serial correlation is present, we have the set of conditions 3 ,..., ...
Blundell-bond GMM estimator
Sometimes the lagged levels of the regressors are poor instruments for the first differenced regressor. In this case, one should use the augmented version "system GMM". The system GMM estimator uses the levels equation to obtain a system of two equations: one differenced and other in levels. By adding the second equation additional instruments can be obtained. Thus the variables in levels in the second equation are instrumented with their own first differences. Blundell and Bond [11] suggest using linear moment restrictions based on assumptions for initial conditions. They propose 
Analysis and result discussion
This chapter has been presented by the empirical results of the effects of real exchange rate and other standard variables on productivity growth and GDP based on the fixed effect regression analysis, robust regression analysis, bootstrapping sampling estimate, dynamic panel estimate of the generalized method (GMM) of moment, Arellano Bond system GMM and Blundell Bond difference GMM. Then the empirical results of the nonlinear effect of real exchange rate and other standard variables on productivity growth has been organized based on fixed effect regression and first differenced method. This chapter also contains the impact of real exchange rate on sectoral composition (Services percentage share of GDP, Domestic Investment percentage share of GDP, Agriculture percentage share of GDP, Domestic Credit to Private Sector change in GDP share).
Impact of the real exchange rate (RER) on total factor productivity (TFP)
We are interested to find the separate impact of the variable real exchange rate on productivity growth using fixed effect model. The term fixed is due to the fact that, although the intercept may differ across countries, each individual's intercept does not vary over time. 0.8317 * Coefficient is significant at the 0.05 level; Number of observation = 72, Number of countries = 12, R-square value = 0.14.; Probability > F = 0.0315.
According to the country fixed effect panel data estimates it has been found that the estimated value of RER is 0.0102. This estimated value indicates around 10% depreciation of the real exchange rate that is an increase in the value of the variable RER is associated with a 0.1% increase in the average annual growth rate. The p-value is 0.031 ( 05 . 0 < p ) which indicates that RER have significant effect on the productivity growth.
The 2 R value of the model is 0.14 which means that the model explain 14 percent of the total variation.
Robust regression
We performed the robust regression to check the validity of the estimated results. In the following table the robust regression has been performed by taking all of the variables above. is significant at the 0.05 level; ** Coefficient is significant at the 0.10 level; Number of observations = 67; Number of countries = 12; R-square value: Within = 0.35, between = 0.08, Overall = 0.14; Probability> F = 0.0018.
In the robust regression the estimated value of coefficient of the real exchange rate is not significant and decreased than fixed effect model. Again the variables SSE and openness are not significant too. The variables PPPGDP, initial real PPPGDP per capita, manufacturing and government consumption are statistically significant but initial real PPPGDP per capita and government consumption has negative impact on TFP. In the robust regression the estimated value of coefficient of the main regressor variable real exchange rate is insignificant so, the bootstrapping regression model has been performed.
Bootstrapping regression
Under some regularity conditions, a bootstrap method is possible to obtain a more accurate approximation of the distribution. It is a powerful tool for approximating the distribution of complicated statistics based on independently identically distributed data. From the bootstrapping regression results it has been found that the estimated value of RER is small but significant. The estimated values of other regressors initial real PPPGDP per capita, SSE, and manufacturing are significant and only manufacturing has a positive effect. Some of regressors are insignificant because there may be some hidden causes.
Generalized method of moment (GMM) estimation
Generalized method of moments is convenient for estimating interesting extensions of the basic unobserved effects model. Generalized method of moments is applied more often to unobserved effects models when the explanatory variables are not strictly exogenous even after controlling for an unobserved effect. As in cross-section and time series cases, there is a convenient estimator that is consistent quite generally, but possibly inefficient relative to GMM. Number of parameters = 7, Number of moments = 7, Number of observations = 67, Number of countries = 12.
The dynamic panel estimates using GMM and its various instruments gives a little higher value of RER and the value is 0.0113, which indicates that a 10 percent real depreciation leads to an increase in average TFP growth of 0.113 percent.
Arellano bond difference GMM estimator
Arellano and Bond [8] difference GMM is well suited for obtaining efficient estimators that account for the serial correlation. Number of observations = 43, Number of countries = 12, Probability> F = 0.000
Controlling for possible heterogeneity, the positive impact of RER depreciation on TFP growth is even stronger. From Arellano Bond difference GMM estimator result we have observed a 10 percent real depreciation leads to an increase in average TFP growth of 0.16 percent. The initial real PPPGDP per capita, manufacturing and openness have significant effect on TFP growth.
Blundell bond system GMM estimation
For estimating a dynamic TFP model using country level data, Blundell and Bond [11] find that GMM with additional moment conditions can provide more precise estimates than two stage least squares of the parameter on lagged TFP. Blundell-Bond estimator augments Arellano-Bond by making an additional assumption, that first differences of instrument variables are uncorrelated with the fixed effects. This allows the introduction of more instruments, and can dramatically improve efficiency. Blundell Bond system GMM results indicate that the positive and significant impact of RER depreciation on TFP growth is even stronger; a 10% real depreciation leads to an increase in average TFP growth of 0.18%. The manufacturing and openness also have significant effect on TFP growth.
Impact of non-linear effect of RER on TFP
After analyzing all tables given above it has been found that the impact of RER on TFP is positive. Linear regressions models are ones in which parameters appear linearly, but nonlinear regression models have at least one parameter appearing nonlinearly [9] . Now our interest is to see the non-linear effect of RER on TFP growth rate. To find the nonlinear effect of RER on TFP growth rate we conduct the regression analysis by taking the squared value of RER. The following table shows the results of country fixed effects regressions of TFP growth rate on the RER, the RER squared and the same control variables as above.
According to the country fixed effect estimation method the coefficient on the RER is statistically significant and positive. The value of RER is increased to 0.182. The coefficient of the squared RER term is significant and has a negative impact. 
First difference method
It has been found that there is a serial auto correlation in the data set. We could not reject the null hypothesis for second order autocorrelation that is there exits auto correlation. For this reason the first difference fixed effect estimation method is used. From the result of first difference, it has been observed that the coefficient of the RER is statistically significant. If it is compared to the result with the above table we find that the variables PPPGDP, initial real PPPGDP per capita, and SSE are in the first difference method are statistically significant and have significant impact on the TFP growth.
Impact of RER on sectoral composition
Rodrik [5] found some evidence that the effect of the RER on TFP growth operates (at least partially) through its impact on the sectoral composition of output. We also observed the effect in our study. It has been found that from the Table 9 , 10, 11 and 12, the effect of the RER on TFP growth operates (at least partially) through its impact on the sectoral composition of output. It is significantly regressed the shares of industry, agriculture and service in GDP, on the RER and other independent variables. It has been found that real exchange rate associated with an increase in the manufacturing and industry shares of GDP whereas decrease in the agriculture and service share in GDP.
Summary and conclusion
This study investigates the effect of RER on TFP and the combine influences of RER, PPPGDP, initial real PPPGDP per capita, SSE, Manufacturing, openness, and government consumption on TFP by using different methods. We perform robust regression and bootstrapping to see the accuracy and identify the important factor that effect on the TFP. This study showed that, according to the country fixed effect model, real exchange rate has a significant positive effect on the productivity growth in absence of others factors for the developing country of Asia.
In this study it has been found that most of the cases the impact of manufacturing export (Change in PPPGDP share) has significant positive effect and Initial real PPPGDP per capita has significant negative effect on the productivity growth. In the presence of others factor RER has a significant effect on TFP growth for bootstrapping regression, Blundel Bond system GMM estimation, Non-linear system, and first difference method.
It has been found that the squared of the real exchange rate have negative effect on the productivity growth, which demonstrates that there is some level of the RER at which TFP growth stops increasing. This study showed that the RER depreciation is associated with an increase in the manufacturing and industry shares of GDP and a decrease in the agriculture and services shares of GDP.
At the final point, it can be said that the real exchange rate has the significant positive effect on Productivity growth. It is not the case that the effect only should be positive, it can be negative too. But this study showed a positive effect.
